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PREFACE 


This  Corps  of  Engineers  report  describes  one  of  three  independent  but 
complementary  studies  of  future  freight  traffic  on  the  Ohio  River  basin 
navigation  system.  Each  of  the  studies  considers  existing  waterborne  commerce 
and  develops  a  consistent  set  of  projections  of  future  traffic  demands  for  all 
of  the  navigable  waterways  of  the  basin.  Each  report  contains  information  on 
past  and  present  waterborne  commerce  in  the  basin  with  projections  by 
commodity  group  and  origin-destination  areas  from  1976  to  either  1990  or  2040. 

The  three  projections,  in  conjunction  with  other  analytical  tools  and  waterway 
system  information,  will  be  used  to  evaluate  specific  waterway  improvements 
required  to  meet  short  and  long-term  navigation  needs.  The  output  from  these 
studies  will  serve  as  input  to  Corps  inland  navigation  simulation  models  to 
help  analyze  the  performance  and  requirements  for  improvements  of  the  Ohio 
River  basin  navigation  system.  These  data  will  be  used  in  current  studies 
relating  to  improvements  of  Gallipolis  Locks,  the  Monongahela  River,  the  Upper 
Ohio  River,  the  Kanawha  River,  the  Lower  Ohio  River,  and  the  Tennessee  River, 
as  well  as  for  other  improvements. 

The  reports  on  the  three  studies  are  referred  to  as  the  "CONSAD,"  the 
"BATTELLE,"  and  the  "NATHAN"  reports.  The  latter  and  final  report  was 
completed  in  November  1980.  It  was  prepared  for  the  Corps  of  Engineers  by 
Robert  R.  Nathan  Associates,  Inc.,  Consulting  Economists,  Washington  D.C. 

This  study  encompasses  the  period  1976-2040,  and  is  by  far  the  most  detailed 
of  the  three. 

The  "CONSAD"  report,  completed  in  January  1979,  was  prepared  for  the  Corps  by 
the  CONSAD  Research  Corporation  of  Pittsburgh,  Pennsylvania.  The  study  and 
the  1976-1990  projected  traffic  demands  discussed  in  that  report  were 
developed  by  correlating  the  historic  waterborne  commodity  flows  on  «;he  Ohio 
River  navigation  system,  with  various  indicators  of  regional  and  national 
demands  for  the  commodities.  The  demand  variables  which  appeared  to  best 
describe  the  historic  traffic  pattern  for  each  of  the  commodity  groups  was 
selected  for  projection  purposes.  The  projected  values  for  the  demand 
variables  are  based  upon  the  1972  OBERS  Series  E  Projections  of  National  and 
Regional  Economic  Activity.  The  OBERS  projections  serve  as  national  standards 
and  were  developed  by  the  Bureau  of  Economic  Analysis  of  the  U.S.  Department 
of  Commerce,  in  conjunction  with  the  Economic  Research  Service  of  the 
Department  of  Agriculture. 

The  "BATTELLE"  report  was  completed  in  June  1979,  and  was  prepared  for  the 
Corps  by  the  Battelle  Columbus  Laboratories,  Columbus,  Ohio.  The  study  and 
the  1976-1990  traffic  projections  discussed  in  that  report  were  developed  by 
surveying  all  waterway  users  in  the  Ohio  River  Basin  through  a  combined  mail 
survey  and  personal  interview  approach.  The  purpose  of  the  survey  was  to 
obtain  an  estimate  from  each  individual  shipper  of  his  future  commodity 


movements,  by  specific  origins  and  destinations,  as  well  as  other  associated 
traffic  information.  All  identifiable  waterway  users  were  contacted  and 
requested  to  provide  the  survey  information.  In  addition,  personal  interviews 
were  held  with  the  major  shippers.  The  responses  were  then  aggregated  to 
yield  projected  traffic  demands  for  the  Ohio  River  navigation  system. 

The  "NATHAN"  report  presents  the  findings  of  a  commodity  resource  inventory,  a 
modal  split  analysis  and  a  market  demand  analysis.  The  work  included 
investigation  and  analyses  of  the  production,  transportation,  and  demand 
characteristics  of  each  of  the  major  commodities  transported  on  the  Ohio  River 
and  its  tributaries.  For  each  of  15  commodity  groups,  the  demand  for  waterway 
transportation  into,  out  of,  and  within  the  Ohio  River  basin  was  projected 
through  the  year  2040.  A  detailed  study  analysis  and  discussion  for  each 
commodity  group  is  presented  in  15  individually  bound  reports,  supplemented  by 
a  methodology  report.  A  Study  Summary  and  an  Executive  Summary  present 
appropriately  abbreviated  discussion  and  findings  resulting  from  these 
analyses.  The  Study  Summary  aggregates  the  commodity  group  totals  for  each  of 
the  several  projection  periods  and  lists  the  total  waterborne  commerce  for 
each  of  the  72  operational  locks  and  dams  in  the  Ohio  River  Basin. 

The  "NATHAN"  report,  "Projections  of  Demand  for  Waterborne  Transportation, 


Ohio  River  Basin,  1980,  1990,  2000,  2020, 
volumes: 

2040"  consists  of 

the  following 
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220 
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I.  INTRODUCTION 

Group  XII,  rubber,  plastic  and  nonmetallic  mineral  products, 
nec.  ,  accounted  for  0.8  percent  of  the  waterborne  traffic  in  the 
Ohio  River  System  (ORS)  during  the  period  1969-76.  The  major 
portion  of  Group  XII  movements  has  been  the  transport  of  non- 
metallic  mineral  products,  specifically  cement  and  lime,  with  very 
little  movement  of  rubber  and  plastic  products.  Cement  and  lime 
are  both  used  in  the  construction  industry,  although  lime  is  used 
predominantly  for  chemical  and  industrial  purposes. 

Although  consumption  and  production  characteristics  for  non- 
metallic  mineral  products  resemble  those  for  aggregates,  the  two 
differ  in  terms  of  quality  and  supply.  The  movement  of  aggregates 
in  the  ORS  is  predominantly  local,  illustrating  the  abundance  of 
supply  near  points  of  consumption.  The  movements  of  nonmetallic 
mineral  products,  however,  include  balanced  tonnages  of  inbound, 
outbound,  and  local  shipments. 

The  areas  within  the  Ohio  River  Basin  (ORB)  for  which  pro¬ 
jections  of  Group  XII  consumption,  production  and  movements  have 
been  made  are  designated  as  Primary  Study  Areas  (PSAs).  The  PSAs 
for  Group  XII  are  those  U.S.  Department  of  Commerce  Bureau  of 
Economic  Analysis  Areas  (BEAs)  and  area  segments  (aggregations  of 
counties  within  a  BEA)  which  are  origins  or  destinations  of  Group 
XII  waterborne  movements.  A  map  showing  Group  XII  PSAs  is  pre¬ 
sented  in  the  appendix  to  this  report. 

In  addition  to  the  PSAs,  external  areas  that  are  linked  to 
the  ORB  through  waterborne  commerce  have  been  identified.  Areas 
(BEAs)  outside  the  ORB  which  are  destinations  of  Group  XII  move¬ 
ments  originating  in  the  ORB  are  designated  as  Secondary  Consump¬ 
tion  Areas  (SCAs).  Areas  (BEAs)  outside  the  ORB  which  are  origins 
of  Group  XII  waterborne  movements  destined  to  the  ORB  are  desig¬ 
nated  as  Secondary  Production  Areas  (SPAs). 
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A.  Description  of  Group  XII 

The  individual  products  included  in  Group  XII  are: 

Waterborne 

Commerce 

Statistics 


Code  (WCSC) 

Commodity/Product 

3011 

Rubber  and  miscellaneous 
plastics  products 

3111 

Leather  and  leather  products 

3211 

Glass  and  glass  products 

3241 

Building  cement 

3251 

Structural  clay  products, 
including  refractories 

3271 

Lime 

3281 

Cut  stone  and  stone  products 

3291 

Miscellaneous  nonmetallic 
mineral  products. 

Table  1  presents  the  waterborne  movements  in  the  ORS  of  Group 
XII  products,  by  product,  between  1969  and  1976.  The  majority  of 
the  movements  were  shipments  of  building  cement  and  lime,  which 
together  accounted  for  98.0  percent  of  Group  XII  movements  in  1976. 
Rubber,  plastic  and  miscellaneous  nonmetallic  mineral  products 
generated  only  random  and  small  movements  in  the  1969-76  period. 
Accordingly,  analyses  and  projections  of  Group  XII  production, 
consumption  and  transportation  flows  are  based  entirely  on  analysis 
and  projections  for  cement  and  lime. 

A-l .  Cement 

Building,  or  hydraulic,  cement  is  the  major  binding  agent  used 
in  concrete  construction.  Approximately  95  percent  of  building 
cement  is  portland  cement.  Portland  cement  is  manufactured  by 
heating  a  proportional  mixture  of  calcium  silicates  and  other  raw 
materials  in  a  kiln  until  a  partially  fused  material  is  produced. 
Producers  of  ready-mix  concrete  are  the  major  consumers  of  cement, 
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Table  l  .  Ohio  River  System:  Waterborne  Shipments  of  Rubber,  Plastic,  Nonmetallic  Mineral  Products  by  Commodity 
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receivin|  approximately  66  percent  of  total  portland  cement  pro¬ 
duction.  Most  of  the  remaining  production  is  used  by  concrete 
product  producers,  and  highway  and  other  contractors. 

A-2.  Lime 


Lime,  a  basic  chemical,  is  produced  through  heating  calcites 
(such  as  limestone)  or  dolomite  at  high  temperatures.  Lime  has  a 
variety  of  uses,  including  chemical  production,  construction,  steel 
production,  water  purification  and  air  emission  control.  Raw 
material  costs  for  lime  production  are  relatively  low.  However, 
production  requires  more  energy  input  per  ton  than  is  required  for 
most  industrial  materials.  Location  of  kilns  is  greatly  influenced 
by  the  availability  and  cost  of  energy,  the  location  of  feedstock 
and  output  markets,  and  the  cost  of  transportation  to  markets, 
given  the  existing  transportation  network. 

B .  Existing  Waterway  Flows 

Between  1969  and  1976,  total  waterborne  shipments  of  Group  XII 
products  increased  from  1,317.8  thousand  tons  to  1,471.3  thousand 
tons,  an  average  annual  increase  of  1.6  percent  (Table  1).  During 
that  period,  local  movements  declined,  while  outbound  shipments 
increased  significantly.  Most  of  this  increase  was  in  the  outbound 
movements  of  lime.  However,  in  1976  only  1.4  percent  of  total  ORS 
outbound  shipments  were  shipments  of  Group  XII  products  (Table  2). 

Major  outbound  shipping  areas  are  BEA  54  (Louisville)  and  BEA 
115  (Paducah).  Of  the  383.1  thousand  tons  shipped  from  the  ORS  in 
1976,  93.3  percent  was  shipped  from  BEA  115,  near  the  mouths  of  the 
Ohio  and  Cumberland  Rivers  (Table  3).  Much  of  this  was  lime 
shipped  from  the  Cumberland  River  to  points  in  BEAs  46  (Memphis) 
and  133  (Monroe,  Louisiana).  BEA  54  shipped  17.8  thousand  tons  of 
lime  outside  the  ORB  to  BEAs  133  (Monroe)  and  135  (Jackson). 

Major  inbound  shipments  were  movements  of  cement  to  BEAs  49 
(Nashville)  and  62  (Cincinnati),  and  of  lime  to  BEA  68  (Cleveland). 
These  shipments  originated  in  BEAs  114  (St.  Louis)  and  115 
(Paducah),  points  on  the  Mississippi  River. 


1.  U.S.  Department  of  the  Interior,  Bureau  of  Mines,  "Cement," 
Mineral  Facts  and  Problems.  1975  ed.  (Washington,  D.C.:  GPO,  1976). 
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Table  2.  Ohio  River  System:  Waterborne 
Shipments  of  All  Commodities  and  of  Rubber, 
Plastic,  and  Nonmetallic  Minerals  Products,  Nec.,  1976 


(Thousands  of  tons  unless  otherwise  specified) 


Total 

Inbound 

Outbound 

Local 

All  commodities 

200,770.5 

29,439.5 

26,854.0 

144,477.0 

Rubber,  plastic, 
nonmetallic  miner¬ 
al  products,  nec. 

1,471.3 

627.1 

383.1 

461.1 

As  a  percentage 
of  all  commod¬ 
ities 

0.7 

2.1 

1.4 

0.3 

Source:  Compiled  by 

RRNA  from  Waterborne  ( 

Commerce  by 

Port  Equiva 

lents,  revised  1976, 

supplied  by 

U . S .  Army 

Corps  of  Engineers. 
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C.  Summary  of  Study  Findings 

Consumption  of  portland  cement  and  lime  in  the  areas  served  by 
the  ORS  declined  during  the  period  1969  to  1976,  from  7,711.5  thou¬ 
sand  tons  to  7,313.9  thousand  tons.  Consumption  is  projected  to 
increase  at  an  average  annual  rate  of  4.1  percent  through  the  year 
2000,  and  at  an  average  annual  rate  of  0.9  percent  during  the 
period  2000-2040. 

Production  of  portland  cement  and  lime  in  the  PSAs  increased 
from  4,048.0  thousand  tons  in  1969  to  4,215.0  thousand  tons  in 
1976.  Production  is  projected  to  increase  at  an  average  annual 
rate  of  3.8  percent  between  1974-76  and  2000.  During  the  period 
2000-2040,  production  is  projected  to  increase  0.6  percent  per 
year. 


Gross  waterborne  shipments  of  Group  XII  products  in  the  Ohio 
River  System  were  projected  to  increase  at  an  average  annual  rate 
of  4.9  percent  during  the  period  1976-2000,  and  at  an  average 
annual  rate  of  1 . 1  percent  during  the  period  2000-2040. 


J 


II.  MARKET  DEMAND  ANALYSIS 


Consumption  of  lime  and  cement  in  the  areas  served  by  the  ORS 
declined  during  the  period  1969  to  1976,  from  7,711.5  thousand  tons 
to  7,313.9  thousand  tons.  Consumption  is  projected  to  increase  to 
19,942.2  thousand  tons  by  the  year  2000,  and  to  28,511.0  thousand 
tons  by  the  year  2040.  Much  of  this  increased  consumption  will  be 
lime  used  in  flue  gas  desulfurization. 

A.  Market  Areas 

In  addition  to  local  demand  for  Group  XII  commodities  produced 
in  the  PSAs,  demand  also  is  generated  in  Secondary  Consumption 
Areas  (SCAs)  located  outside  the  ORB.  These  SCAs  are  defined  as 
BEAs  that  are  the  destinations  of  waterborne  rubber,  plastic,  non- 
metallic  mineral  products,  nee.,  movements  originating  in  the  Ohio 
River  Basin. 

A-l.  Primary  Study  Areas  (PSAs) 

This  study  has  identified  12  BEAs  and  BEA  segments  in  the  ORB 
that  either  have  been  or  will  be  the  ultimate  origins  or  desti¬ 
nations  for  waterborne  rubber,  plastic,  nonmetallic  mineral  pro¬ 
ducts,  nec.,  movements.  Appendix  Table  A-l  presents  the 
BEAs  and  BEA  segments  which  constitute  the  PSAs  for  Group  XII.  The 
consumption  of  the  commodity  group  has  been  analyzed  and  projected 
for  these  areas. 

A-2.  Secondary  Consumption  Areas 

(SCAs) 


BEAs  outside  the  Ohio  River  Basin  which  are  destinations  of 
waterborne  shipments  from  the  ORB  were  not  segmented.  The  major 
SCA  in  1976  was  BEA  46  (Memphis),  which  received  42  percent  of  the 
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383.1  thousand  tons  shipped  by  water  from  the  ORB.  Other  SCAs  were 
BEAs  77  (Chicago),  78  (Peoria),  133  (Monroe),  134  (Greenville),  and 
135  (Jackson). 


B.  Product  Uses 


Approximately  95  percent  of  U.S.  cement  production  is  portland 
cement,  which  is  used  for  general  construction.  The  remaining  5 
percent  is  masonry  cement  used  for  stucco  and  mortar.  Producers  of 
ready-mix  concrete  consume  two-thirds  of  portland  cement  produc¬ 
tion.  The  remainder  is  used  by  concrete  product  manufacturers, 
highway  contractors,  and  other  dealers  and  manufacturers. 

Lime  is  used  by  the  chemical  industry  for  the  production  of 
alkalies,  by  the  construction  industry  for  plaster  and  mortar,  by 
the  steel  industry,  and  in  agriculture.  In  1973,  an  estimated  92 
percent  Qjf  U.S.  lime  consumption  was  for  chemical  and  industrial 
purposes.  The  steel  industry  is  the  primary  industrial  user, 
where  lime  is  utilized  for  open-hearth  steel  furnaces.  A  new  major 
development  is  the  use  of  lime  and  limestone  in  flue  gas  desulfu¬ 
rization  processes.  Lime  scrubbers  for  power  plants  and  other 
industrial  plants  have  also  created  new  demand  for  lime.  However, 
other  desulfurization  methods  exist  and  are  competitive  with  lime/ 
limestone  processes. 

C .  Consumption  Characteristics 

Cement  and  lime  are  consumed  throughout  the  PSAs.  Demand  for 
cement  is  linked  to  construction  activity  --  specifically,  public 
works  and  residential,  industrial  and  other  private  construction 
projects  --  which  varies  with  economic  conditions,  population 
shifts  and  government  policy.  Market  areas  for  cement  and  lime  are 
regional,  with  cement  plants  usually  serving  a  market  area  within  a 
200-mile  radius  of  the  plant.  Plants  on  waterways,  however,  have 
served  customers  as  far  as  1,000  miles  from  plant  sites. 

Most  of  the  demand  for  lime  is  derived  from  the  demand  for 
specific  chemical  products  and  steel.  Consumption  of  lime  in  the 
PSAs  reflects  the  production  activity  of  the  chemical  and  steel 
industry.  Approximately  one-third  of  lime  production  is  for  cap¬ 
tive  use,  mostly  by  chemical  and  steel  producers. 

Environmental  controls  have  had  two  effects  on  increasing  the 
consumption  of  lime.  First,  several  plants  in  the  United  States 


1.  U.S.  Department  of  the  Interior,  Bureau  of  Mines,  Mineral 
Facts  and  Problems,  1975  ed.  (Washington,  D.C.:  GPO,  1976). 
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producing  synthetic  soda  ash  have  been  closed  due  to  pollution 
control  problems  and  competition  from  natural  soda  ash  producers. 
Soda  ash  requires  0.7  tons  of  lime  per  ton  of  soda  ash  produced  by 
Solvay  process  plants.  Second,  environmental  concerns  have  en¬ 
couraged  the  growth  of  pollution  control  processes  that  require 
lime . 

D.  Existing  Aggregate  Demand 

Consumption  of  cement  and  lime  in  the  PSAs  declined  in  the 
period  1969-76,  from  7,711.5  thousand  tons  to  7,313.9  thousand  tons 
(Table  4).  This  decline  reflects  decreases  in  cement  consumption 
which  had  occurred  in  the  years  1975  and  1976. 

Major  consuming  PSAs  were  BEAs  66  (Pittsburgh),  62  (Cincin¬ 
nati)  and  52  (Huntington),  where  significant  quantities  of  lime 
were  consumed  by  the  chemical  and  steel  industries. 

E .  Forecasting  Procedures  and  Assumptions 

Projections  of  cement  consumption  in  the  PSAs  are  based  on 
Bureau  of  Mines  projections  of  national  cement  consumption  in  the 
year  2000.  This  forecast  was  based  on  analysis  of  sociological, 
economic  and  technological  factors,  and  regression  analyses  of 
historical  time  series  data  compared  with  projections  of  various 
economic  indicators.  This  national  projection,  developed  in  1978, 
is  the  most  recent  projection  of  cement  consumption  available  from 
a  recognized  authority.  The  projection  was  adjusted^by  using  popu¬ 
lation  projections  of  the  1972  OBERS  Projections,  prepared  for 
the  U.S.  Water  Resources  Council,  to  obtain  cement  consumption  pro¬ 
jections  by  BEA.  Per  capita  consumption  in  each  BEA  was  assumed  to 
be  the  same  as  the  national  per  capita  consumption  in  2000,  there¬ 
after  increasing  slowly  during  the  period  2000-2040. 

Lime  consumption  was  projected  using  steel  production  pro¬ 
jections  by  type  of  furnace,  provided  by  the  Iron  Ore,  Steel  and 
Iron  (Group  VIII)  Report  of  this  study,  and  from  projections  of 
chemical  production  provided  by  the  Chemicals  and  Chemical  Ferti¬ 
lizers  (Group  VI)  Report.  In  addition.  Environmental  Protection 
Agency  (EPA)  estimates  of  lime  required  for  desulfurization  pur¬ 
poses  were  used.  Specific  locational  information  was  provided  by 
these  EPA  estimates. 


1.  "Key  Chemicals:  The  Basic  Products  of  the  Chemical  Indus¬ 
try,"  Chemical  and  Engineering  News,  9  January  1978. 

2.  U.S.  Water  Resources  Council,  OBERS  Projections,  Series  E, 
1972  ed.  (Washington,  D.C.:  GP0,  1974)  Vols.  I  and  II. 
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F.  Probable  Future  Demand 

Consumption  of  lime  and  cement  in  the  PSAs  is  projected  to 
increase  at  an  average  annual  rate  of  4.1  percent  during  the  period 
1974-76  to  2000  (Table  5).  Much  of  this  increased  consumption  will 
result  from  lime  consumed  in  lime  and  limestone  flue  gas  desulfur¬ 
ization  (FGD)  installation  processes.  During  the  period  2000-2040, 
lime  and  cement  consumption  in  the  PSAs  is  projected  to  increase  at 
an  average  annual  rate  of  0.9  percent. 

BEA  54  (Louisville)  is  projected  to  be  the  leading  PSA  con¬ 
sumer.  This  will  result  from  increased  use  of  FGD  processes  in  the 
region,  as  well  as  population  increases  which  will  boost  the  demand 
for  cement. 


Table  5.  Ohio  River  Basin:  Consumption  of  Lime  and  Portland  Cement,  h> 
BEAs  or  BEA  Segments,  Estimated  Average  1974-76,  and  Projected  1980-204 
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III.  COMMODITY  RESOURCE  INVENTORY 

Production  of  portland  cement  and  lime  in  the  PSAs  increased 
from  4,048.0  thousand  tons  in  1969  to  4,215.0  thousand  tons  in 
1976.  Production  is  projected  to  increase  at  an  average  annual 
rate  of  3.8  percent  between  1974-76  and  2000.  During  the  period 
2000-2040,  production  is  projected  to  increase  0.6  percent  per 
year. 

A.  Production  Areas 

The  production  of  Group  XII  products  in  the  PSAs  is  supple¬ 
mented  by  production  in  Secondary  Production  Areas  (SPAs)  located 
outside  the  Ohio  River  Basin.  These  SPAs  are  defined  as  BEAs  which 
are  the  origins  of  Group  XII  waterborne  movements  destined  to  the 
Ohio  River  Basin. 

Only  nine  of  the  12  PSAs,  defined  earlier,  have  significant 
levels  of  lime  and  cement  production.  Of  these  PSAs,  BEAs  66 
(Pittsburgh),  54  (Louisville),  and  115  (Paducah)  are  the  major 
producers . 

The  major  SPA  is  BEA  114  (St.  Louis),  which  shipped  349.0 
thousand  tons  to  the  Ohio  River  System  in  1976  from  points  oy  the 
upper  Mississippi  River.  Other  SPAs  are  BEAs  115  (Paducah),  137 
(Mobile),  and  141  (Houston). 

B .  Production  Characteristics 

In  1977,  there  were  169  cement  plants  located  throughout  the 
United  States  and  Puerto  Rico.  The  industry  is  not  highly  concen¬ 
trated,  with  29  companies  operating  between  two  and  13  plants  and 
no  singly  firm  accounting  for  more  than  7  percent  of  total  pro¬ 
duction. 


1.  Includes  counties  of  BEA  115  which  are  origins  of  waterborne 
movements  shipped  from  points  on  the  Mississippi  River. 

2.  U.S.  Department  of  the  Interior,  Bureau  of  Mines,  Mineral 
Commodity  Profiles:  Cement;  MCP  26  (Washington,  D.C.:  Bureau 
of  Mines ,  1978) . 
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There  are  approximately  175  lime  plants  operating  in  the 
United  States.  Almost  one-third  of  their  production  is  captive, 
i.e.,  used  by  producers.  The  lime  industry  is  more  concentrated 
than  the  cement  industry  in  that  the  ten  leading  lime  manufacturers 
account  for  40  percent  of  total  domestic  lime  production. 

The  cement  industry  has  access  to  abundant  supplies  of  raw 
materials.  Many  companies  report  reserves  sufficient  to  meet  the 
demands  of  100  years  at  present  capacity.  A  serious  problem  for 
the  cement  industry,  however,  is  energy.  A  high  percentage  of 
manufacturing  costs  is  associated  with  the  development  of  alter¬ 
native  energy  sources  and  processes  in  order  to  increase  energy 
efficiency.  Efforts  have  been  successful,  but  have  not  eliminated 
the  industry’s  concerns  with  respect  to  the  increasing  cost  of 
energy. 

Lime  is  manufactured  from  a  variety  of  calcareous  materials 
which  are  plentiful  throughout  the  world.  However,  the  manufacture 
of  lime,  like  cement,  requires  considerable  amounts  of  energy.  At 
present,  coal  and  natural  gas  are  the  energy  sources  used  to  con¬ 
vert  limestone  to  quicklime. 

Both  the  cement  and  lime  industries  have  had  to  modify  opera¬ 
tions  to  comply  with  EPA  regulations.  The  Environmental  Noise 
Control  Act  of  1972  has  had  direct  impact  on  the  cement  industry, 
and  both  industries  are  affected  by  air  and  water  quality  restric¬ 
tions  . 

C .  Existing  Production  Levels 

During  the  period  1969-76,  production  of  cement  and  lime  in 
the  PSAs  varied  from  3.6  to  4.5  million  tons,  with  the  lowest 
levels  occurring  in  1970  and  1975  and  a  peak  of  4,491.0  thousand 
tons  in  1973  (Table  6).  This  pattern  conformed  to  variations  in 
national  production  during  the  period. 

BEA  66  (Pittsburgh)  was  the  leading  PSA  producer  of  lime  and 
cement  in  2976  with  a  yield  of  29  percent  of  total  production  in 
the  PSAs. 

BEA  62  (Cincinnati)  is  the  site  of  two  lime  plants  which  began 
operations  during  the  study  period:  the  Black  River  Mine,  in  Pend¬ 
leton  County,  Kentucky,  and  Dravo  Corporation's  lime  plant,  in 


1.  U.S.  Department  of  the  Interior,  Bureau  of  Mines,  Mineral 
Yearbook,  1975  ed.  (Washington,  D.C.:  GP0,  1977)  Vol.  I. 
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Maysville,  Kentucky.  These  were  the  only  new  plants  identified 
during  the  study. 

BEAs  54  (Louisville)  and  115  (Paducah)  are  major  producing 
PSAs.  Both  have  large  portland  cement  plants. 

D.  Forecasting  Procedures  and  Assumptions 

Projections  of  lime  and  cement  production  are  based  on  pro¬ 
jections  of  consumption  in  the  PSAs.  The  production  of  cement  by 
PSA  was  assumed  to  grow  at  the  same  rate  as  demand  in  the  PSAs  as  a 
whole.  The  year  1976  was  used  as  the  base.  An  exception  to  this 
procedure  occurs  in  BEA  62,  where  the  two  new  lime  plants  are 
located.  These  plants  are  assumed  to  reach  levels  close  to  planned 
capacity  by  1980.  After  1980,  production  in  these  BEAs  is  assumed 
to  increase  at  the  same  rate  as  lime  consumption  in  the  PSAs  as  a 
whole.  This  procedure  is  based  on  the  regional  nature  of  the  lime 
and  cement  markets.  The  availability  of  water  transportation  to 
the  major  producers  provides  access  to  all  market  areas  served  by 
the  Ohio  River  System.  An  increase  in  consumption  in  a  PSA  will 
impact  production  levels  throughout  the  area. 

E.  Probable  Future  Production  Levels 

Production  of  lime  and  cement  in  the  PSAs  is  projected  to 
increase  an  average  of  3.8  percent  between  1974-76  and  2000,  from 
4,134.0  thousand  tons  to  10,520.0  thousand  tons  (Table  7).  During 
the  period  2000-2040,  the  average  annual  rate  of  increase  will  be 
0 . 6  percent . 

BEA  62  (Cincinnati),  the  location  of  the  new  lime  plants,  will 
be  the  major  producing  PSA.  BEA  66  (Pittsburgh)  will  continue  to 
contribute  approximately  25  to  28  percent  of  the  total  PSA  produc¬ 
tion.  BEAs  54  (Louisville)  and  115  (Paducah)  will  also  continue  to 
be  major  cement  producers. 
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IV.  TRANSPORTATION  CHARACTERISTICS 

In  1972,  15.1  percent  of  cement  shipments  in  the  United  States 
of  over  25  miles  was  shipped  by  rail,  15. 9 ^ percent  by  water,  and 
the  rest  by  motor  carrier  and  private  truck.  The  average  haul  for 
rail  movements  was  201  miles;  for  truck  shipments,  77  miles;  and 
for  water,  195  miles. 

Between  2  and  4  percent  of  national  lime  production  was  moved 
by  water  during  the  past  decade.  Both  rai 
tation  were  used  extensively  to  transport  lime. 

A.  Existing  and  Historical  Modal  Split 

In  1976,  truck  was  the  primary  means  of  providing  the  PSAs 
with  lime  and  cement  not  furnished  by  local  producers.  Net  truck 
receipts  totalled  2,197.4  thousand  tons,  or  71  percent  of  the  net 
requirements  of  all  the  PSAs  (Table  8). 

Major  suppliers  of  materials  were  BEAs  115  (Paducah),  50 
(Knoxville)  and  54  (Louisville).  These  BEAs  reported  net  outbound 
shipments  by  all  three  major  modes.  Major  net  receivers  were  BEAs 
66  (Pittsburgh)  and  62  (Cincinnati).  Both  BEAs  reported  net  in¬ 
bound  shipments  by  all  three  modes. 


^  and  truck  transpor- 


1.  U.S.  Department  of  Commerce,  Bureau  of  the  Census,  Census  of 
Transportation,  1972  ed.  (Washington,  D.C.:  GPO,  1976)  Vol.  III. 

2.  U.S.  Army  Corps  of  Engineers,  Waterborne  Commerce  of  the 
United  States,  1976  ed.  (New  Orleans:  COE,  n.d.)  Vol.  V. 

3.  U.S.  Department  of  Commerce,  Bureau  of  the  Census,  Census 
of  Transportation,  1972  ed.  (Washington,  D.C.:  GPO,  1976)  Vol. 
III. 
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Table  8.  Ohio  River  Basin:  Production,  Consumption  and  Shipments, 
by  Mode  of  Transportation  of  Rubber,  Plastic, .Nonmetallic  Mineral  Products,  Nec. 
by  BEAs  or  BEA  Segments,  Estimated  1976 
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B.  Intermodal  Characteristics 


Few  waterborne  cement  shipments  are  directly  received  by 
consumers.  Rather,  waterside  cement  plants  often  serve  waterside 
distribution  centers  some  distance  away.  Large  bulk  shipments  are 
moved  by  barge  or  rail  from  plant  to  terminal.  Then,  they  are 
either  combined  with  aggregates  for  ready-mix  concrete  or  are  sent 
directly  to  consumers  by  truck. 

Almost  one-third  of  lime  production  is  captive.  This  pro¬ 
duction  usually  occurs  near  the  point  of  consumption  and  few  inter¬ 
modal  transfers  occur.  The  remaining  production  is  sent  to  distri¬ 
bution  points  or  to  industrial  users  who  often  have  direct  access 
to  water  and/or  rail  transportation. 

Shipments  of  cement  and  lime  from  plant  to  distribution 
centers  and  directly  to  ultimate  consumers  are  observed  on  the 
waterway. 

Information  regarding  intermodal  transfers  from  barge  to  rail, 
or  rail  to  barge,  is  not  available.  Because  regional  markets  limit 
the  distances  of  shipments,  possible  freight  cost  savings  do  not 
generally  justify  transfer  and  handling  costs  associated  with 
intermodal  transfers.  Although  lime  terminals,  which  may  have  re¬ 
ceived  lime  by  rail  or  barge,  then  use  barge,  rail,  and/or  truck  to 
reach  the  consumer,  these  flows  are  not  considered  as  intermodal 
transfers . 


Factors  Affecting  Modal  Choice 


Transportation  is  a  significant  factor  in  the  delivered  cost 
of  cement.  Cement  has  a  low  price  relative  to  weight;  therefore, 
barge  is  the  preferred  mode  of  transport  when  both  origins  and 
destinations  are  served  by  water.  Barge  cost  for  cement  ranges 
from  0.3  to  0.5  cents  per  ton-mile,  versus  1.5  to  2.0  cents  pej 
ton-mile  for  rail,  and  more  than  6.0  cents  per  ton-mile  for  truck. 

A  similar  freight  cost  structure  exists  for  lime.  However,  when 
delivery  is  required  within  a  short  span  of  time,  rail  or  truck  is 
the  major  means  of  shipment. 


D.  Forecasting  Procedures  and  Assumptions 


Initial  projections  of  waterborne  commerce  were  developed  from 
preliminary  information  provided  by  the  Corps  of  Engineers.  These 
initial  projections  were  derived  by  the  following  procedures. 

Waterborne  receipts  (inbound  plus  local  movements),  by  PSA, 
have  been  projected  to  increase  at  the  same  rate  as  projected  PSA 
consumption,  except  in  BEAs  54,  64  and  66.  These  BEAs  were  pro¬ 
jected  to  receive  additional  receipts  from  BEA  62  starting  in  1980. 
Two  large  new  plants  commenced  operations  in  BEA  62  during  the 
study  period  and  are  assumed  to  be  operating  close  to  capacity  by 
1980. 


Waterborne  shipments  (outbound  plus  local  movements)  by  PSA 
have  been  projected  to  increase  at  the  same  rate  as  projected  PSA 
production,  except  in  BEA  62  where  the  two  new  plants  are  located. 
Shipments  from  the  ORB  to  points  outside  the  ORB  (outbound) ,  by 
BEA,  have  been  projected  to  increase  at  the  same  rate  as  projected 
production  in  the  area  served  by  the  Ohio  River  System.  Local  ORS 
shipments  are  equal  to  total  waterborne  shipments  for  the  ORS  minus 
outbound  shipments .  Inbound  shipments  are  equal  to  total  water¬ 
borne  receipts  for  the  PSAs  minus  local  shipments.  Inbound  ship¬ 
ments  have  been  distributed  among  the  Secondary  Production  Areas 
(SPAs)  on  the  basis  of  the  1976  distribution  of  inbound  shipments. 

These  projections  of  waterborne  shipments  and  receipts,  by 
BEA,  have  been  distributed  among  BEA-to-BEA  links  using  the  his¬ 
torical  distribution  of  shipments  among  BEA  receivers,  adjusted  for 
projected  changes  in  BEA  shipments  and  receipts.  The  specific 
knowledge  acquired  by  commodity  specialists  during  the  course  of 
this  study  was  also  used. 

As  more  complete  information  was  made  available  by  the  Corps 
of  Engineers,  ^initial  projections  of  BEA-to-BEA  waterborne  traffic 
were  adjusted. 


E .  Probable  Future  Modal  Split 

A  summary  of  the  probable  future  modal  split  of  Group  XII 
product  shipments  in  the  area  served  by  the  ORS  for  the  1976 
base  year  and  for  all  the  projection  years  is  presented  in 
Table  9. 


1.  A  description  of  the  manner  in  which  the  initial  projections 
were  adjusted  is  contained  in  the  Methodology  Report. 


Net  truck  receipts  will  continue  to  account  for  the 
largest  portion  of  total  net  receipts.  With  respect  to  water 
movements,  net  water  receipts  are  projected  to  increase  at 
slightly  higher  rates  than  net  rail  or  truck  receipts.  This 
increase  will  occur  because  of  a  small  shift  in  the  distribu¬ 
tion  of  ORB  water  shipments  from  port  equivalents  (PEs)  out¬ 
side  the  ORS  to  PEs  located  within  the  ORS. 

F.  Probable  Future  Waterway  Flows 

Detailed  BEA-to-BEA  waterborne  traffic  projections  are 
presented  in  Table  10.  Growth  indices  derived  from  the  traf¬ 
fic  projections  are  presented  in  Table  11. 

The  average  annual  growth  rate  of  gross  waterborne  ship¬ 
ments  is  projected  to  be  4.9  percent  between  1976  and  2000, 
and  1.1  percent  between  2000  and  2040  (Table  9). 

Local  waterborne  shipments  will  increase  most  rapidly 
during  the  period  1976-2000.  The  major  reason  for  this  growth 
is  that  the  new  lime  plants  in  BEA  62  will  be  sending  much  of 
their  waterborne  shipments  to  PSAs  within  the  ORB. 


Table  9.  Ohio  River  Basin:  Production,  Consumption  and  Shipments  by  Mode  of 
Transportation  of  Rubber,  Plastic,  Nonmetallic  Mineral  Products,  Nec. , 
Estimated  1976  and  Projected  1980-2040,  Selected  Years 
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Table  10.  Ohio  River  System:  BEA-TO-BEA  Waterborne  Traffic 
of  Rubber,  Plastic,  Nonmetallic  Minerals,  Nec., 

Actual  1976  and  Projected  1976-2040, 

Selected  Years 


lll'N'JEEDS 

OF  TOKS 

— - - 

orici:. 

DESTINATION 

COMMODITY 

- - 

BEA 

SEA 

GROUP 

1976 

198G 

1990 

2000 

2020 

2040 

04  7 

047 

12 

33 

38 

51 

65 

72 

76 

050 

047 

12 

45 

55 

76 

95 

106 

115 

052 

052 

12 

210 

237 

244 

253 

263 

279 

052 

062 

12 

56 

70 

99 

118 

124 

135 

052 

1 15 

12 

56 

66 

196 

330 

388 

399 

054 

055 

12 

920 

1084 

1439 

1859 

19S3 

2041 

054 

115 

12 

22 

22 

32 

41 

42 

43 

054 

133 

12 

122 

141 

198 

235 

276 

300 

054 

135 

12 

56 

65 

91 

113 

132 

144 

055 

062 

12 

22 

46 

65 

80 

96 

105 

055 

133 

12 

22 

31 

44 

54 

64 

69 

062 

047 

12 

0 

0 

0 

0 

600 

1300 

062 

052 

12 

0 

0 

0 

0 

250 

500 

062 

C54 

12 

0 

2314 

3763 

4570 

4943 

5153 

062 

055 

12 

0 

10 

15 

18 

20 

31 

062 

064 

12 

0 

939 

1303 

1358 

2356 

2941 

062 

066 

12 

285 

1965 

2716 

3104 

3912 

394  7 

062 

068 

12 

11 

3? 

79 

118 

157 

196 

066 

052 

12 

690 

836 

IT  1 

1261 

1472 

1524 

066 

065 

12 

378 

429 

5-.1 

646 

705 

743 

066 

066 

12 

11 

32 

85 

134 

164 

166 

06? 

063 

12 

22 

46 

65 

80 

96 

105 

068 

077 

12 

45 

64 

90 

111 

131 

143 

066 

073 

12 

11 

16 

22 

27 

32 

35 

114 

049 

12 

1636 

2004 

3092 

4201 

5111 

5629 

1 14 

054 

12 

0 

1429 

2211 

2256 

3813 

4707 

1 14 

055 

12 

85 

330 

670 

846 

2718 

4208 

1 14 

062 

12 

1758 

2224 

3391 

4469 

6612 

8141 

1  14 

066 

12 

1 1 

11 

17 

20 

24 

35 

115 

046 

12 

1616 

1734 

2466 

3175 

3293 

3360 

115 

047 

12 

80 

93 

142 

197 

244 

251 

1 15 

049 

12 

680 

690 

742 

623 

899 

949 

1 15 

054 

12 

2  70 

366 

392 

404 

447 

490 

115 

055 

12 

690 

713 

847 

1107 

1232 

1272 

1 1 5 

064 

12 

130 

271 

366 

472 

564 

620 

1 15 

078 

12 

90 

128 

1S1 

221 

258 

279 

115 

134 

12 

1313 

1942 

2749 

3403 

4010 

4362 

115 

135 

12 

556 

1060 

1513 

1833 

2133 

2368 

137 

062 

12 

33 

52 

77 

96 

130 

162 

141 

06? 

12 

11 

17 

26 

32 

45 

55 

915 

054 

12 

0 

102 

154 

203 

329 

471 

915 

064 

12 

11 

17 

26 

32 

43 

54 

915 

066 

12 

545 

851 

1272 

1583 

2142 

2683 

915 

068 

12 

1491 

2327 

3480 

4330 

5861 

7340 

915 

115 

12 

690 

825 

1260 

1514 

1970 

2270 

TOTAL 

14713 

25730 

37339 

45887 

60319 

70201 

Note : 

BEA  915 

refers 

to  counties  i 

Of  BEA 

115 

which 

are  origins 

of  waterborne  movements 

shipped 

from 

points 

on 

the  Mississippi 

River. 

Source:  Robert  R.  Nathan  Associates,  Inc. 
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Table  11.  Ohio  River  System;  Growth  Rates  of  Rubber, 
Plastic,  Nonmetallic  Mineral  Products,  Nec., 
Waterborne  Commerce,  BEA  to  BEA, 

Projected  1976-204Q,  Selected  Years 


Year0 


BEA 

Group 

Index. 

Value0 

2020 

2040 

_  .  a 
Parr 

No. 

1976 

1980 

1990 

2000 

047047 

12 

33 

1000 

1147 

1559 

1971 

2176 

2294 

050047 

12 

45 

1000 

1212 

1697 

2121 

2394 

2545 

052052 

12 

210 

1000 

1129 

1164 

1207 

1254 

1328 

052062 

12 

56 

1000 

1255 

1766 

2106 

2213 

2404 

052115 

12 

56 

1000 

1174 

3500 

5891 

6935 

7130 

054055 

12 

920 

1000 

1178 

1564 

2021 

2155 

2219 

054115 

12 

22 

1000 

1000 

1467 

1844 

1911 

1956 

054133 

12 

122 

1000 

1154 

1622 

1923 

2259 

2455 

054135 

12 

56 

1000 

1155 

1621 

2019 

2359 

2573 

055062 

12 

22 

1000 

2084 

2970 

3629 

4342 

4766 

055133 

12 

22 

1000 

1415 

2000 

2455 

2895 

3149 

062047 

12 

600 

0 

0 

0 

0 

1000 

2167 

062052 

12 

250 

0 

0 

0 

0 

1000 

2000 

062054 

12 

2314 

0 

1000 

1626 

1975 

2136 

2227 

062055 

12 

10 

0 

1000 

1500 

1800 

2000 

3100 

062064 

12 

939 

0 

1000 

1388 

1446 

2509 

3132 

062066 

12 

285 

1000 

6894 

9531 

10890 

13727 

13849 

062068 

12 

11 

1000 

3429 

7143 

10714 

14286 

17857 

066052 

12 

690 

1000 

1211 

1494 

1827 

2134 

2208 

066065 

12 

378 

1000 

1136 

1431 

1708 

1864 

1979 

066066 

12 

11 

1000 

2944 

7722 

12167 

14944 

15111 

068068 

12 

22 

1000 

2084 

2970 

3629 

4342 

4766 

068077 

12 

45 

1000 

1412 

2000 

2471 

2912 

3176 

068078 

12 

11 

1000 

1415 

2000 

2459 

2895 

3149 

114049 

12 

1636 

1000 

1225 

1890 

2568 

3124 

3441 

114054 

12 

1429 

0 

1000 

1547 

1579 

2672 

3294 

114055 

12 

85 

1000 

3881 

7881 

9952 

31976 

49500 

114062 

12 

1758 

1000 

1265 

1929 

2542 

3761 

4631 

114066 

12 

11 

1000 

1034 

1577 

1813 

2224 

3210 

115046 

12 

1616 

1000 

1073 

1526 

1965 

2038 

2079 

115047 

12 

80 

1000 

1164 

1780 

2459 

3052 

3132 

115049 

12 

680 

1000 

1015 

1091 

1211 

1322 

1395 

115054 

12 

2  70 

1000 

1354 

1451 

1496 

1657 

1813 

115055 

12 

690 

1000 

1033 

1227 

1604 

1786 

1843 

115064 

12 

130 

1000 

2084 

2970 

3629 

4342 

4766 

115078 

12 

90 

1000 

1427 

2011 

2461 

2865 

3101 

(Continued ) 
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Table  11  (Continued) 


Yearc 

BEA  Group  Index,  - 

Pair3  No.  Value  1976  1980  1990  2000  2020  2040 


115134 

12 

13l  i 

115135 

12 

556 

137062 

12 

33 

141068 j 

12 

11 

915054 j 

12 

102 

915064° 

12 

11 

915066 j 

12 

545 

915068 j 

12 

1491 

915115 

12 

690 

1000 

1479 

2<;y4 

1000 

1907 

2722 

1000 

1561 

2334 

1000 

1556 

2333 

0 

1000 

1510 

1000 

1561 

2334 

1000 

1561 

2334 

1000 

1561 

2334 

1000 

1195 

1826 

2592 

3054 

3322 

3296 

3926 

4259 

2904 

3931 

4923 

2889 

4111 

5000 

1990 

3225 

4618 

2904 

3931 

4923 

2904 

3931 

4923 

2904 

3931 

4923 

2194 

2855 

3290 

a.  The  first  three  digits  indicate  the  BEA  of  origin;  the  last 
three  digits  indicate  the  BEA  of  destination. 

b.  Hundreds  of  tons. 

c.  Growth  rates  are  reported  such  that  1000  equals  the  index  value 
reported  in  the  third  column. 

d.  BEA  915  refers  to  counties  of  BEA  115  which  are  origins  of 
vrater borne  movements  which  are  shipped  frctn  points  on  the  Mississippi 
River. 

Source:  Robert  R.  Nathan  Associates,  Inc. 
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